In this paper, a scheme of designing neural network-based sliding mode controller is proposed for dealing with the chattering phenomenon existing in conventional sliding mode controller because of its discrete control law. Firstly, the sliding mode control law is designed using equivalent control technology. Then the neural network and adaptive control are uesd to delete the chattering of sliding mode controller. The stability of control system is analyzed by Lyapunov stability theory finally. Simulations and experiments demonstrate that the proposed neural network-based sliding mode controller not only achieves better control performance than the conventional sliding mode control system, but also is robust with regard to system parameter variation and external disturbance.
INTRODUCTION
For its high torque to inertia ratio, high efficiency and high power density, permanent magnet synchronous motor (PMSM) is widely used in the tram, robot, CNC machine tools, medical equipment, etc. However, the actual parameters of permanent magnetic synchronous motor system and external disturbance factors affect system performance. Characteristic of time-varying to system parameters and strong robustness toward external disturbances of the sliding mode control provides an effective way for servo systems high-performance control. But the traditional ideal sliding mode controller output is high-frequency positive-negative switching value, and the actual system executing agencies at the time delay and the spatial lag results in that the actual sliding mode doesn't accurately occur in the given switching manifolds surface, easily leading to a system chattering [1] . This also limits the application of sliding mode control method in the actual system. At present, there are mainly three ways to cut down chattering except for adopting modern control theories, such as adaptive and fuzzy [2, 3] to deal with chattering phenomenon: regularization method within the boundary layer [4] ; observing the chattering by status observer to realize dynamic sliding mode controller [5, 6] ; using high-order sliding mode control algorithm [7] . Although the use of such methods can weaken chattering to some extent, there are still some problems: regularization method within the boundary layer and adjustment method based on observer do not have traditional sliding mode control robustness anymore and at the same time allow the system to hold a steady-state error [8, 9] . High-order sliding control algorithm is complex. In loworder (first or second order) system control law, there exists a coupling between controller output signal and its derivative, which is not conducive to the design of sliding mode control law [10] [11] [12] [13] [14] .
This paper provides a sliding control strategy based on neural network, considering permanent magnetic synchronous motor system time-varying and external load disturbances. For traditional chattering in an integer order sliding mode control system, adding restriction to sliding control output and using Neural Network algorithm to implement compensation, then the strategy can not only save the sliding mode control technologies robustness, but effectively reduce the chattering. This control strategy has been successfully applied to the permanent magnet synchronous motor speed control and reached a relative high level in the control performance.
PMSM MODEL DESCRIPTION
Mathematical model of permanent magnet synchronous motor in rotating coordinate system [12] : 
Dynamic equation:
where, l T is loading moment, m B is friction coefficient, J is rotational inertia.
By applying vector control, dynamic equations can be simplified as follows
The dynamic equation (4) into the electromagnetic torque equations (2), the follow equations can be obtained:
Considering the parameters change, the above formula can be expressed as:
where, !a,!b,!c are system parameter perturbation.
Controller is designed to find a suitable control laws and make the system output r ω quickly follow the input * r ω . Here define the velocity error:
Assumption is met:
where, ! "R + .
SLIDING MODE CONTROLLER DESIGN
Fractional sliding mode controller design for a two-step: switching manifold face selection and control law design. This paper select the following switching manifold surface (s):
where, k p !R + is the sliding mode surface gain.
Control law must be designed to ensure that the system in an arbitrary initial state can reach the sliding state. This paper adopts equivalent control design method.
Conduct the first derivative of the formula (9) and obtain:
The (7) into above equation, then:
Considering the case of no disturbance ( ( ) 0 t δ = ), and
, Sliding equivalent control law can be obtained:
Use the following switching control law:
where, ! > k p (" + b# max ) .
From the above two equations, sliding mode control law was obtained:
Considering the chattering, the main reason is that the sliding mode control law output amplitude is too large positive and negative frequency signal, then, the following control law is used to suppress chattering:
NEURAL NETWORK APPROXIMATION ALGO-RITHM DESIGN
In order to save the strong robustness of sliding mode control technology, at the same time produce no excessive chattering, u up must be chosen according to the system status. This paper adopts the neural network approximation capability, on-line adjusting the parameters.
Neural network input/output is as follows:
where, x is the input of network, i is the i-th input of the network input layer, j is the j-th input of the hidden layer, 
So, control law (16) turns into
ADAPTIVE CONTROL DESIGN BASED ON LYA-PUNOV STABILITY
Select the following Lyapunov function:
The control law (16) into equation (11), obtain
Equation (20) into the above equation, obtain
The above equation into equation (21), then
Take the following adaptive control law:
Therefore, the system satisfies the stability condition.
SIMULATION RESULTS AND DISCUSSION
This article is based on permanent magnet synchronous motor servo system speed loop and the step responses of the simulation results are provided respectively based on neural network for adaptive Sliding Mode Controller and the regularization method sliding mode controller [4] .
The simulation is based on "Matlab/Simlink" software, adopting permanent magnet synchronous motor servo system speed ring platform as Fig. (1) , motor parameters: Sine response results of two kinds of sliding mode control system and its corresponding state convergence trajectory as shown in Fig. (2, 3, 4) , respectively. From Simulation Results, it can be seen that the proposed neural network adaptive sliding mode control makes system chattering very small after it reaches the sliding mode surface, with the same effect as using regularization method, but the response time is much faster than the regularization method sliding-mode control algorithm resulting in a better overall control performance.
EXPERIMENT
The proposed control strategy is experimented in PMSM servo system, experimental platform as shown in Fig. (5) . Main control board is based on TMS320F2812 DSP processor. The PC mainly captures servo motor feedback data and conducts comparative analysis. The motor parameters and load current ( I l ) as follows: J m = 2.5e ! 3 (kg m 2 ),
The experimental results are shown in Fig. (6) , as can be seen from it, the rise time of a neural network adaptive sliding mode control system ts=0.25625s, by contrast, integer order sliding mode control system rise time ts=0.4625s. So the system response speed of the Neural Network Adaptive sliding mode control system is faster than that of the regularization sliding mode control system.
CONCLUSION
Aiming at chattering problem of traditional integer order sliding mode control systems caused by time-varying parameters and external load disturbance of the the permanent magnet synchronous motor servo system, this paper designs the sliding mode control system based on neural network and adaptive algorithm. Permanent magnet synchronous motor servo system of speed loop simulation and experiments shows that the proposed control strategy not only effectively reduces the chattering in traditional sliding
